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Fluoride concentrations in the water 
of Maringá, Brazil, considering the 
benefit/risk balance of caries and fluorosis
Abstract: Current Brazilian law regarding water fluoridation 
classification is dichotomous with respect to the risks of and benefits 
for oral diseases, and fluoride (F) concentrations less than 0.6 or above 
0.8 mg F/L are considered outside the normal limits. Thus, the law 
does not consider that both caries and fluorosis are dependent on 
the dosage and duration of fluoride exposure because they are both 
chronic diseases. Therefore, this study evaluated the quality of water 
fluoridation in Maringá, PR, Brazil, considering a new classification 
for the concentration of F in water the supply, based on the anticaries 
benefit and risk of fluorosis (CECOL/USP, 2011). Water samples 
(n = 325) were collected monthly over one year from 28 distribution 
water networks: 20 from treatment plants and 8 from artesian wells. 
F concentrations were determined using a specific ion electrode. 
The average F concentration was 0.77 mg F/L (ppm F), ranging from 
0.44 to 1.22 mg F/L. Considering all of the water samples analyzed, 
83.7% of them presented from 0.55 to 0.84 mg F/L, and according to 
the new classification used, they would provide maximum anticaries 
benefit with a low risk of fluorosis. This percentage was lower (75.4%) 
in the water samples supplied from artesian wells than from those 
distributed by the treatment plant (86%). In conclusion, based on 
the new classification of water F concentrations, the quality of water 
fluoridation in Maringá is adequate and is within the range of the best 
balance between risk and benefit.
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Introduction
The importance of adding fluoride to public water supply treatment 
facilities is based on evidence,1,2 and since it was implemented as a public 
health strategy for preventing caries more than 60 years ago, the balance 
between the anticaries benefit of fluoride and the risk of dental fluorosis 
has been discussed. A fluoride concentration range of 0.7 to 1.2 mg F/L3 
in water was established for the USA based on maximum environmental 
temperatures, considering that within this range, the effects of fluoride 
would be “optimal” regarding benefit/risk. In Brazil, according to Ordinance 
635/BSB/1975, the recommended fluoride concentration in water for most 
cities is between 0.6 and 0.8 mg F/L, with an optimum level of 0.7 mg F/L.4 
Nevertheless, the expansion of the national program for water fluoridation 
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to locations with different climatic conditions has 
justified the need to review this ordinance5 so that 
it now requires a more adequate dosage to provide 
the maximum benefit of caries reduction with the 
minimum risk of dental fluorosis.
From a health surveillance perspective, in terms of 
water fluoridation assessment in Brazil, fluoride at levels 
less than 0.6 or greater than 0.8 mg F/L is considered to be 
outside the acceptable limits. The current classification of 
fluoride concentration in the water supply is dichotomous 
and does not consider that both the concentration and 
duration of fluoride exposure through the water supply 
can lead to dental caries6 or fluorosis7 development. 
Hence, occasional variations less than or greater than 
optimal fluoride concentrations in water should not be 
interpreted by surveillance services for water quality 
control in the same manner as for other contaminants, 
such as fecal coliform, which is responsible for acute 
problems in the population.
Caries is a chronic disease caused by dental biofilm 
accumulation and frequent exposure to sucrose. Caries 
lesions are found only when the teeth are subjected 
to the caries process several times per day for many 
days.8 However, early caries lesions can be halted or 
even repaired, and fluoride is a potent activator of 
this process.9 Similarly, regarding fluorosis, several 
days of exposure to high fluoride concentrations are 
necessary during enamel formation for visible changes 
to be clinically detected in the future.10
In 2011, a new classification for F concentrations 
in public water supplies, proposed by the Centro 
Colaborador do Ministério da Saúde em Vigilância da 
Saúde Bucal da Universidade de São Paulo – CECOL/USP, 
was approved by the academic community and by 
experts and professionals responsible for water 
treatment.11 Therefore, the aim of this study was to 
evaluate the quality of water fluoridation in Maringá, 
Paraná, Brazil over a period of one year using a new 
classification of F concentration based on anticaries 
benefit and risk of fluorosis.
Methodology
Place of Research
Maringá is located in southern Brazil, in the 
northwestern State of Paraná, and it has a population 
of 357.177 inhabitants.12 The maximum average local 
temperature during the period in which this study 
was conducted was 27.99°C (data provided by the 
Climatological Station of the Universidade Estadual de 
Maringá - UEM). The drinking water of Maringá is 
treated and distributed by the Companhia de Saneamento 
do Paraná - SANEPAR. In 2010, the water supply came 
mainly (90%) from the Pirapó River to a single water 
treatment plant (WTP). The remaining 10% was 
obtained from seven deep artesian wells (AWs). All 
the water is treated conventionally with chlorination 
and fluoridation, the latter by adding fluorosilicic 
acid by means of a solution-feeder system.
Selection and Collection of Samples
Twenty-eight Basic Health Units (BHUs) were 
selected for water sample collection because of 
their representative geographical distribution in 
the water treatment network. Twenty-one BHUs 
received water from the WTP and 7 from AWs. 
The number of samples selected in the survey 
was based on the 518/GM Ordinance of March 
25, 2004, which recommended a minimum of 20 
samples for cities with more than 250 thousand 
inhabitants, adding one sample for every 50,000 
additional inhabitants.13
Health workers from the 28 BHUs collected water 
samples at the same time on the same day of the 
week over the 12 months. The water was collected 
from the distribution network and placed in plastic 
bottles. The collectors were trained to standardize 
the collection process, which consisted of letting the 
water run for 30 seconds, rinsing the bottles 3 times 
with the water and collecting approximately 5 mL of 
water for analysis. The water samples were codified 
using numbers 1 to 28, allowing for blind fluoride 
determination. The samples were immediately sent 
to an independent laboratory for analysis.
Fluoride Determination
The analysis was performed by the Laboratory of 
Oral Biochemistry, Faculty of Dentistry of Piracicaba - 
UNICAMP using an ion-specific electrode. Duplicate 
samples were buffered with the same volume of TISAB 
II (1.0 M acetate buffer pH 5.0, 1.0 M NaCl and 0.4% 
CDTA), prepared in the laboratory. An Orion 96-09 
electrode (Thermo Scientific Inc., Waltham, USA) 
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coupled to an Orion EA-940 ion analyzer (Thermo 
Scientific Inc., Waltham, USA) was calibrated with 
standard solutions at concentrations ranging from 
F 0.25 to 2.00 mg F/mL, containing 50% of TISAB II. 
The results were expressed in mg F/L (ppm F), and 
the coefficient of variation for the duplicate analysis 
was less than 1%.
Classification of the Results
The samples were classified according to a 
new classification of Fluoride concentrations in 
drinking water proposed in Brazil (CECOL/USP, 
2011), considering the balance between anticaries 
benefit and risk of the fluorosis, as shown in Table 1.11
Statistical Analysis
The results are presented with a descriptive 
statistical analysis of the data.
Results
The mean concentration of the 325 water samples 
analyzed was 0.77 mg F/L, ranging from 0.44 ppm 
to 1.22 ppm F.
Considering all of the water samples from the WTP 
and AWs, Table 2 shows that, except for July, more 
than 78.5% (mean of 83.7%) of the samples presented 
a concentration from 0.55 to 0.84 mg F/L, within the 
optimal balance between anticaries benefit and the 
minimum risk of fluorosis.
Table 1. Balance between anticaries benefit and risk of fluorosis expected according to the range of F concentrations in water for 
cities with maximum temperatures ranging from 26.3°C to 32.5°C.
F concentration (mg F/L)
Balance
Anticaries benefits Risk of fluorosis
0.00 to 0.44 Insignificant Insignificant
0.45 to 0.54 Minimum Low
0.55 to 0.84 Maximum Low
0.85 to 1.14 Maximum Moderate
1.15 to 1.44 Questionable High
> 1.45 Harmful Very high
Table 2. Classification (%) of all water samples, from water treatment plants (WTPs) and artesian wells (AWs), classified according 
to the ranges of F concentrations regarding the risks and benefits, according to the month of evaluation.
Evaluation month (number of samples)
F concentration range (mg F/L)
0.00 to 0.44* 0.45 to 0.54** 0.55 to 0.84*** 0.85 to 1.14**** 1.15 to 1.44***** > 1.45****** 
Jul/09 (n = 26) 0 0 4 96 0 0
Aug/09 (n = 26) 0 4 92 4 0 0
Sep/09 (n = 28) 3.5 0 89.5 3.5 3.5 0
Oct/09 (n = 28) 0 0 96 4 0 0
Nov/09 (n = 28) 0 3.5 78.5 18 0 0
Dec/09 (n = 27) 0 0 100 0 0 0
Jan/10 (n = 27) 0 7.5 92.5 0 0 0
Feb/10 (n = 27) 0 0 81.5 18.5 0 0
Mar/10 (n = 27) 0 0 92 4 4 0
Apr/10 (n = 27) 0 4 92 4 0 0
May/10 (n = 27) 0 0 92 8 0 0
Jun/10 (n = 27) 0 0 89 11 0 0
Total (n = 325) 0.3 1.6 83.7 13.8 0.6 0
*Insignificant benefit/risk; **Minimum benefit/low risk; ***Maximum benefit/low risk; ****Maximum benefit/moderate risk; *****Questionable 
benefit/high risk; ******Harmful effect/very high risk.
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When comparing the mean values of water samples 
from the WTP and AWs, 86% of the samples from 
the WTP were found to present an F concentration 
within the best balance of benefit and risk (from 0.55 
to 0.84 mg F/L), while 75.4% of the samples from AWs 
were within this range. In addition, the percentage 
of samples with insignificant benefit (< 0.45 mg F/L) 
and greater risk (> 1.14 mg F/L) was higher among 
the water samples from AWs than from the WTP, at 
2.6% and 0.4%, respectively.
Discussion
Fluoride works on caries control by interfering 
with the processes of de- and remineralization of the 
tooth. It decreases mineral loss when it is present in the 
oral cavity in low and constant concentrations,14 and 
it consequently reduces the rate of caries progression 
in the population. However, when fluoride is ingested 
during enamel mineralization, dental fluorosis can 
develop.15 Thus, an adequate concentration of F in 
drinking water is necessary for water fluoridation to 
reach its maximum anticaries benefit with a minimum 
risk of fluorosis.11
Data from this study showed that 83.7% of all 
of the water samples analyzed were within the 
range of best benefit and least risk, considering the 
new classification proposed by CECOL/USP.11 In 
contrast, had the samples been classified by Ordinance 
635/BSB/1975,4 only 68.7% of the samples would have 
been within the acceptable range. This difference 
of 15% of samples outside of the range established 
by the current ordinance could suggest that the 
population of Maringá was not being subjected to the 
optimal balance of caries benefit and risk of fluorosis 
in the drinking water. However, this interpretation 
is not valid because the range of optimal fluoride 
concentration in water was established 60 years ago, 
when the understanding of how fluoride controls 
caries and causes/leads to fluorosis differed from 
the currently accepted understanding. Both caries6 
and fluorosis7 are chronic diseases, so the duration 
of exposure to a low or high Fluoride concentration 
should be considered.16 Thus, in terms of the risk of 
fluorosis, the findings (Table 2) showed that samples 
within the range of a high risk of fluorosis were 
found only in two months (3.5% in September and 
4% in March). With regard to caries, samples (3.5%) 
of insignificant anticaries benefit were found only in 
September. Therefore, brief fluctuations greater than 
or less than the ideal range of fluoride concentration in 
water should be considered tolerable. According to the 
CECOL/USP classification,11 Fluoride concentrations 
of insignificant benefit or very high risk could be 
considered tolerable if they occurred sporadically 
for one day over a few months, and concentrations of 
moderate risk or benefit could be acceptable only if they 
did not remain constant for more than 21 days over 
the course of a one-year period. This new classification 
seems more rational in terms of water evaluation, 
considering the benefit/risk of Fluoride concentration. 
Therefore, if 31.3% of water samples from Maringá 
had been classified by the current ordinance4 they 
would have been considered unacceptable by the 
Brazilian surveillance system, whereas if the new 
classification were used as reference, only half of 
these samples would be unacceptable (15.3%). This 
more conservative classification is supported by the 
current data regarding caries and fluorosis in Brazil.17
When this new classi f icat ion of f luoride 
concentration in water is used instead of the current 
ordinance, a lower percentage of unacceptable 
samples would also be found in other cities, e.g., 
Jaguaribara, CE,18 and Bauru, SP.19 However, while 
only approximately 66% of the samples in these cities 
were within the range of greater benefit of Fluoride in 
preventing dental caries and a lower risk of fluorosis, 
this value was higher in Maringá, PR (84%).
Ordinance 635/BSB/19754 has been used in most of 
the evaluations of the quality of water fluoridation in 
Brazil that have been undertaken, showing discrepant 
values. In Cachoeiras do Sul, RS, in Piracicaba, SP, and 
in a study of 29 Brazilian cities 63.4%20, 85%21 and 53.5%22 
of the samples, respectively, were within acceptable 
levels. In contrast, in Ponta Grossa, PR, two-thirds 
of the samples were outside the ideal level;23 in the 
state of Piauí, only 4.3% of samples were within the 
optimal range,24 and 53.6% of the samples from the 
island of São Luis, MA, were less than the optimal 
range,25 compromising the benefits of the fluoridation 
process. A survey conducted in the database of the 
Laboratory of Oral Biochemistry, Piracicaba Dental 
School, UNICAMP, showed that 40% of the samples 
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